Since SANDOW (1952) reviewed extensively the studies on the coupling process between excitation and contraction of skeletal muscle, the researches in this field have been greatly developed (see GELFAN, 1958; SHANES, 1958; RAMSEY, 1960) . Meanwhile, the same kind of studies on cardiac muscle have elucidated some special characteristics of myocardium considerably different from those of skeletal muscle. As well known, the action potential of myocardial cell generally shows a plateau phase with markedly long duration (WEIDMANN, 1957) , and the plateau potential is widely considered to have some relation with the time-course or amplitude of contraction (BROOKS,  HOFFMAN Those characteristics specialized in cardiac muscle would be taken to suggest an existence of some unique excitation-contraction coupling more or less different from that of skeletal muscle. However, the details of difference have not yet been clarified.
From these points of view the authors have examined the effects of different kinds of ions on the transmembrane potentials as well as the resting and contractile tensions of cardiac muscle of the rabbit, in order to obtain some information to solve the problem . The  ventricular  muscle  of  the  mature  rabbit  was  used  for  the  experiment.  After   the  chest  was  opened,  the  rapidly  extracted  heart  was  immersed  in  the  oxygenated   Tyrode  solution  at  37•Ž,  and  the  ventricle  was  dissected  along  the  septum  to  make   a strip  about  5 
METHODS

RESULTS
1) Effects of NaCl concentration (FIG. 1)
The substitution of sucrose for NaCl decreased the action potential in rate of depolarization and overshoot as expected.
Especially when the concentration of NaCl was reduced to 1/4 of normal, the duration of plateau decreased markedly and at the same time the level lowered.
On the other A) NaCl-lack. Sucrose substitution for NaCl. B) NaCl-excess, 1.5 times of normal.
Left-and right-hand columns are the control records before and after the concentration changes. The other ones were the records obtained during 8 minutes after administration of test solutions.
Upper beam in each record shows zero-level with calibration pulses of 10 mV and 100 msec, and lower beams, membrane potential and relative tension, hand, the resting tension on the muscle increased with reduction of NaCl, and when NaCl was completely eliminated, a contracture-like tension developed which finally reached to a level near a maximum twitch tension without no obvious change in resting potential.
The amplitude of contraction also increased to about 3 times of normal at 3/4 NaCl concentration, but decreased with 1/2 or further reduction of NaCl. The recovery was almost complete when the muscle was returned into normal Tyrode solution.
When the concentration of NaCl was increased to 1.5 times of normal, a slight decrease of the resting potential and an increase of the overshoot of action potential were produced with a marked elevation and a prolongation of the plateau.
Meanwhile, both the resting and twitch tensions diminished considerably.
However, a long perfusion of the solution caused a gradual lowering of the plateau and an elongation of the repolarization, probably because of hypertonicity of the solution.
2) Effects of KCl concentration (FIG. 2)
The resting and action potentials were slightly increased by a reduction of KCl in Tyrode solution, and as the results the prolongation of plateau and the rise of level were observed;
vice versa an increase of KCl caused the shortening of plateau, the fall of level, and soon the reduction of excitability.
On the other hand, the resting tension was increased by a diminution of KCl despite the appearance of slight hyperpolarization of the membrane, while the twitch tension increased remarkably.
In when all of KCl were removed from the solution, the potentiation was temporal and thereafter the tension development diminished gradually to disappear at a contracted state, although a full size of action potential was still observable.
In the solution which contained 5 times of KCl, the resting and twitch tensions decreased with reduction of the resting and action potentials respectively.
But when KCl concentration was 20 times of normal, the socalled potassium contracture was finally educed, as was observed by NIEDER-GERKE (1956) on the frog ventricle.
3) Effects of Cl removal (FIG. 3)
Since in above experiments NaCl or KCl was replaced by sucrose, it becomes difficult to discuss the observed changes in relation with each special ions. Therefore, the effects of Cl-removal were examined by replacing Cl with anomalous anions such as I-, NO3-and Br-. The other records were obtained during 10 minutes after introduction of test solutions. 
4) Effects of Ca++ concentration (FIGs. 5 and 6)
The 3/4 removal of Ca++ from the solution brought about a decrease of resting potential, a slight lowering of plateau, and a considerable prolongation of action potential, and these effects appeared much faster in the case of complete lack of Ca++. However, the depletion of NaCl in addition to that of Ca++ caused a very rapid shortening of the plateau which was prolonged with Ca-lack, and a further lowering of plateau level. In this case, the effect was immediate and prominent as compared with when only NaCl was eliminated.
When NaCl was increased to 1.5 times of normal after the elimination of Ca++, the duration of plateau increased markedly, its level was raised, and extraordinarily large action potential was produced (FIG. 6) . 2) AP's at 5 minutes, 3) at 10 minutes after Ca++ removal, and 4) at 9 minutes after reintroduction of the normal solution. Upper figures: 1) Control AP in normal solution, 2) AP's in Ca-lack, 3) Ca-lack and Na+-lack, 4) Ca-lack and Na+-excess, 5) Ca++-lack and K+-lack, and 6) Ca++-lack and K+-excess solutions respectively. Lower one: Summary of the effects of these solutions on the plateau level and duration.
Records in 5 to 10 minutes after application of test solutions were analysed.
The marked effects of K+ ions under the Ca-lack condition are also shown in FIG. 6 ; the plateau is raised and prolonged noticeably with K+-lack in comparison with the case of K+-excess.
Thus, Ca++ in itself has not only a conspicuous effect on the action potential, but also it can be said that with Ca-lack the effects of Na+ or K+ ions appear quickly and prominently. Meanwhile, it is well known that Ca+ displays a dramatic effect on the mechanical events of myocardium (RINGER, 1883; WILBRANDT & KOLLER, 1948; NIEDERGERKE & LUTTGAU, 1957). In this experiment, the complete depletion of Ca++ from the external solution produced a diminution of both the resting and twitch tension as expected (FIG. 5) , and it occurred more rapidly and conspicuously than in case of 3/4 removal of Ca++, and finally developed to disappearance of contraction in a relaxed state. On the other hand, when Ca++ was increased 2 times of normal, the resting and contractile tensions increased temporarily and later decreased, but still the muscle maintained considerable tensions above normal for a period of time.
5) Effects of mg++ concentration (FIG. 7)
The removal of Mg++ in Tyrode solution did not produce any noticeable effects on the electrical events of cardiac muscle, except a slight decrease of action potential and a shortening of plateau. Similarly, almost no changes Left-and right-hand columns are the control records before and after application of test solutions . The other records were obtained during 15 minutes after introduction of test solutions.
of the membrane potentials were brought about even in case of increase of Mg++ concentration up to 20 times of normal, although the plateau shortened slightly.
On the other hand, the mechanical events were affected considerably bychange in Mg++ concentration.
In absence of Mg++, the resting tension increased while the twitch tension decreased.
However, when Mg++ of 10-20 times of normal concentration was added, changes in the same direction , an increase of the former and a decrease of the latter, were produced . Therefore, the effects of high concentration of Mg++ would be considered in FIG. 4 of this communication , when NaCl was less or KCl was more in external solution than normal , the plateau level of action potential lowered and the duration became shorter than normal; but when NaCl was more or KCl was less than normal , the plateau level rose and the duration became longer than normal.
Furthermore , these changes appeared more quickly and eminently in Ca++-deficient conditions . Consequently, it is highly probable that Na+ and K+ have some antagonistic effects on the level of plateau and the duration , if the effects of Cl-concentration are negligible.
On the Purkinje fiber of mammalian heart , CARMELIET (1961) reported a shortening and lowering of the plateau by NO 3-, but a reverse tendency by large anions. On the other hand, HUTTER & NOBLE (1961) observed a prolongation of the plateau by I, NO3 and Br.
However, since in our case of the rabbit ventricle even the complete substitution of anomalous anions such as I, or Br for Cl-did not produce any conspicuous effect on the plateau potential except the slight shortening in case of NO3,-the main effects of NaCl or KCl concentration change would be considered attributable to each cations.
However, when the external Na+ concentration was reduced below 1/4 of normal, IC+ deficiency caused a shortening of plateau instead of prolongation (unpublished observation).
Therefore, Na + ions seem to play the most fundamental role for the appearance of plateau.
On the other hand, it was well established that Ca++ ions are only cations, the absence of which causes a dramatic disappearance of contraction (RINGER, 1883; see LEONARD & HANDU, 1962) . Although the complete removal of Na+ or K+ ions finally lead to the diminution of tension development, a conspicuous enhancement of contraction in partially Na+ or K+-deficient solutions would make difficult to infer these ions as the most fundamental ones for the contractility.
Thus, it could be concluded that Ca++ is primarily important for the contractility and Nat, for the appearance of plateau. Our results that the decrease of Na + concentration below normal enhanced the contraction but depressed the plateau potential while that of Ca++ depressed the former but elongated the latter, could be taken to support this view.
From these results, and as suggested by SHANES (1958) it will become highly improbable that there exists a direct parallelism between the plateau potential and contraction in the cardiac muscle. Furthermore, in skeletal muscle it is generally believed that, when the muscle is stimulated, there is an abrupt appearance of "active state" of the contractile element (HILL, 1949). However, because of the series-elastic component in the muscle and the shortness of active state for a stimulus the twitch tension rises slowly and developes only a fraction.
Therefore, it can be said that the size of twitch tension depends not only on the amplitude, duration and rate of rise and fall of the active state (RITCHIE, 1954; CLOSE, 1962) but also on the viscoelastic factors in the muscle (BUCHTHAL & ROSENFALCK, 1957). If similar discussions are possible on the cardiac muscle, the problem of parallelism between the contraction and membrane potential will become more complicated. However, since nothing of the details of active state or viscoelastic components on the cardiac muscle has been known, it will be impossible to try further discussions at the present stage of investigation. In our experiment on the rabbit ventricle, similar tendency of the antagonism between Na+ and Ca++ was observed.
As shown in FIG'S. 1 and 5, the depletion of NaCl caused an increase in contractile tension more than twice, while that of Ca++ produced a complete disappearance of contraction.
As for the skeletal muscle, however, it is well established that Ca++ removal does not affect the twitch tension at all, but Na+ removal causes a potentiation of contraction (SANDOW, 1952; MASHIMA & MATSUMURA, 1962) . However, the degree of the potentiation was about 20% for sucrose substitution and it is fairly less than the case of cardiac muscle.
The higher sensitivity of the cardiac muscle for Ca++ or Nat-deficiency might be presumed to suggest a relative deficiency of Ca++ in the cardiac muscle in comparison with the skeletal muscle.
The effect of K+ concentration on contractile tension was found quite different between these two kinds of muscles.
In frog skeletal muscle the twitch tension increased slightly with increase of the external K+ concentration up to 8-12 mM (SANDOW, 1952; MASHIMA & MATSUMURA, 1962) . On the other hand, our experiment on the cardiac muscle of rabbits proved that the contraction decreased with an increase of external K+, while it increased up to 4 times with depletion of K+ from the solution.
This fundamental difference in character between the skeletal and cardiac muscles appears difficult to explain at present, but it might have some relation with the difference in Ca++ accumulation into muscle which depends on the external On the contrarily, our study on the rabbit myocardium elucidated the extremely minute effect of the anions on the contraction.
Although the complete replacement of Cl-by I-or Br-produced a slight increase in contractile tension, it was less than 20% of normal and the action of NO3-was less obvious than that of I-. Furthermore, NO3-was found to cause even a diminution of contraction after a long perfusion, as reported by PETERSON & FEIGEN (1962) on the guinea-pig ventricle.
The reason of occurrence of such a conspicuous difference in response to anions is unknown.
However, on the skeletal muscle CLOSE (1962) has recently elucidated that the potentiation due to NO3-is produced by prolongation of its active state, and EBASHI, OTSUKA & ENDO (1962) have found that anions depress the binding of relaxing factor with Ca++ along the same order of lyotropic series. Therefore, if the relaxing factor exists far less amount in the myocardium than in the skeletal muscle as suggested by WEBER, HERZ & REISS (1963) , the large difference in response to anions might be explicable. SUMMARY 1. The effects of concentration of constituent ions of Tyrode solution on the membrane potentials and mechanical events were studied on the ventricular muscle of rabbits. 2. When NaCl was less or KCl was more than normal, the plateau level lowered and the duration became shorter as expected.
Vice versa, when NaCl was more or KCl was less than normal, the reverse effects were observed. These changes appeared more rapidly and conspicuously in Ca-deficient condition. 3. Substitution of I-, NO3-or Br-for Cl-had little effects both on the membrane potentials and tensions. Accordingly, most of the effects of NaCl or KCl concentration were considered attributable to each cations. 4. Even in K+ deficient condition and in all other cases examined, the plateau could not appear without Nat. Therefore, Na+ is indispensable for producing the plateau. 5. Na+ or K+ removal within the limit of 3/4 of normal improved the twitch tension conspicuously. 6. Depletion of Cl-did not produce any appreciable potentiation of contraction as observed in skeletal muscle. 7. Ca++ was only cation in Tyrode solution, the removal of which caused a straight and complete disappearance of the contraction. 8. Mg++ did not produce any eminent effects on the membrane potentials except the shortening of action potential, but caused an increase of resting tension and a decrease of contraction in both cases of excess and lack of the ions. 9. Differences between the effects of various ions on the cardiac and skeletal muscles were discussed, and difficulties to relate the potentials to the mechanical events were pointed out.
